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Brief QC Checks for Aerial
Photogrammetry Products




Brief QC Checks for Aerial Photogrammetry Products
Agenda

1.Photogrammetry
Overview of Photogrammetry
Photogrammetric Softcopy Systems

2. Digital Direct Referencing of Sensors (Camera Systems)
Camera Features (Metric and Non-Metric)
Sensors (Camera Systems)

3. Check results in Microstation [ Geopak
Edit and prepare AT results (ISAT, BINGO, Socet Set, etc.)
Review delivered 3D map (LAMP Data)
DTM compare in Geopak
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Analogue Aero-Triangulation

https://www.youtube.com/watch?v=UmVsmbl7cmM
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Analytical Digital Aero-Triangulation

Semi-Analytical Photogrammetry 1970s Analytical Photogrammetry 1980s Softcopy Photogrammetry 1990

ISAT SocetSet BINGO BLUH Softplotter
AeroSys

PAT-B Densified  GP ltera *ptb, VRAT BLUH.Ist
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A typical Aerial-Triangulation Layout

Strip1

Strip 2

A Horizontal Control
@ Vertical Control

x Pass Points
T Tie Points

Strip 3

Strip 4
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Professor Dr. -=Ing. Dr. Fritz Ackermann 80 years = Professor, Innovator and Developer of Modern
Photogrammetry

Figo 12 R
CONTROL DATA r .
The programme system for block triangulation was to be as universal .gléwg giiii;57§;
as possible, capable of future expansion, even if it was not pos- 4 The first CDC
sible to develop all its variations immediately. In particular it 6600 was
was to fulfill the following requirements: [ delivered in

1965 to the
CERN
laboratory
near Geneva,
Switzerland

- although intended for large computers (CDC 6600), the programme
should not be restricted to them.

- as far as the computer programme is concerned, the block size
should in principle be unlimited. Total capacity of the compu-
ter determines the limits.

- This important requirement means two things: on the one hand it

should be possible to adjust even extremely large blocks in Tar-

ge computers, if necessary with computing times of several hours. 51()1'7//“\__///////
—

On the other hand, computers with small central processing units - =
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Self-Calibration

Dr. Brown introduced Self- Calibration in the bundle adjustment.

Dr. Duane Brown
History of Photogrammetry

Center for Photogrammetric Training AnOm a I OUS D iStO I"tiOn
Self calibration Improves:

* the accuracy
* the reliability of the photogrammetric adjustment

_ . . 2017 /| -
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Helava Associates - SOCET SET

A Glance at the History

Dr. Uuno “Uki" Vilho Helava

« Brilliant Finnish Scientist

* One of the fathers of
photogrammetry

» One of the founders of
Helava Associates, which
provided digital photo-
grammetric workstations
for the Defense Mapping
Agency in the early
1980s

SOCET SET's provenance is special too. Its roots began in the early 1980s. Helava
Associates, a small company set up in the suburbs of Detroit by Uki Helava and some
close colleagues, worked as a sub-contractor to General Dynamics on a succession of
contracts to provide digital photogrammetric workstations for the Defense Mapping
Agency (DMA). General Dynamics acquired Helava Associates in 1986. SOCET SET was
launched as a commercial product in 1990 on Sun hardware. At that time too, Helava
Associates moved to sunnier climes in San Diego, California. In 1991, a distribution
relationship was formed between General Dynamics, Helava Associates and the Swiss
company Leica, whose ancestor companies Kern and Wild had made the running in analog
and analytical photogrammetry just as Helava had in digital. General Dynamics divested
its Electronics Division, including Helava, as GDE Systems, now part of BAE SYSTEMS.
Meanwhile, in 1997, Leica Geosystems (one of several companies formed as Leica split
up its huge, privately owned organization) and GDE set up LH Systems, a joint venture
company designed to develop, market, sell and support systems for airborne imaging
and photogrammetry. By then SOCET SET had evolved into a clear world leader (the
Windows NT* version was added in 1998). Gradually, as computers developed, the
product moved away from dependence on specialized, custom-built hardware towards
off-the-shelf processors and peripherals. Meanwhile functionality had broadened
considerably in terms of sensors, formats, algorithms and output products. The ORIMA
and PRO600 components came from the Leica side, where they were supplied on its
SD2000/3000 analytical plotters.
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Autometric Softplotter- ERDAS OrthoMAX

; g A | f Refe
processing of rectified Corona transparencies AMS 1:250,000 e T T T T el e
Pictomap. 2 F | Cortre | % | St7o06 60| Giat456on
3 3 Ful Cortrol X S1E031.697 | 5181556.563
D F d D I 1 4 Ful Cortret | ¥ S1E013604| 5181777 038
3 F 5 s 5 Ful | Cortrd | X S1480.671| 5173458008
r. re Oy e The acro-triangulation software used was various editions d G FUl | Corerol | % | &is412923 Siaoeea et

of MUSAT (Multiple Station Analytical Triangulation)
developed by the Autometric Operation (first headed by
Fred Doyle, later by Atef Elassal as the Team Leader for the
various MUSAT versions) for the Army Map Service, then
Army Topographic Command (TOPOCOM), then DMA/HTC,
and then NIMA.”
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Aerial Triangulation - Bundle Adjustment

Wl

Ny

X " 'y ) .
\V///N

¥
.

* Albany
* JFK
- BLUH * PC Giant

. * KLT Atlas
 Leica LP$ BINGO . ERDAS
* Intergraph ISAT

» SocetSet GXP
- Vexcel UltraMap * RACURS Photomod jo%’u e

* Trimble Inpho
* Aerosys
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Trimble Inpho
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BAE - SOCET SET GXP workflow

(¥ SOCET GXF Workspace Manager
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Hexagon Intergraph Zeiss ISAT
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Cardinal System VrAirTrig

» " - . ATLT
The VrAirTrig Layout window 2017 |
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Leica HxMap Workflow

e
Emge———— R
.- -~ .E |
b- - .'g ombined data acquisition & processins
: -
L. A A - . . . . . .
1 “'_ To reach highest efficiency, post-processing has been tightly integrated with
! data acquisition. HxMap can be enabled for individual sensor types. For flexible
production, scalable and application-specific software modules are bundled
. — - with the matching hardware.
Workflow Manager . . . .
2 RealWorld is designed for Leica RCD30 and Leica DMC |l based large area
,','..'.".: TR == - mapping projects in 2D, whilst RealCity supports you with your smart city and
i 1 3D city modelling applications.
I g
| CEPLTOO T HxMap modules RealWorld  RealCity
J f \
S Enabler o &
! J - el Enabler, Workflow Manager
— N
— Provider
Raw QC Ingest, Raw QC . e
”TeT
itk g % & Core ° °
" - i APM, AT, Infocloud, Ortho Generator, Ortho Mosaic
3D Modeller Basic 3 >
: City Modeller, Texture Mapper, 3D Editor
3D Modeller Advanced
Building Finder, 3D Mesh ° ©
SDK
oy Developer’s Kit O (o}
Ingest

® = Standard O = Optional
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Vexcel Umap =

Starting 2007 a dense matching ~ Lm""' J e
algorithm and an automated ortho ¢ ©
[true-ortho workflow has been L 3 e 3 /
developed by Vexcel Imaging GmbH D |
that has exclusively been used for the d e M i J‘:?L . J 9
automated 3D city model production O O
of Microsoft’s Virtual Earth project Py | — Ortho
and is now also in use for the L.O_J Production

roduction of the current BING maps |
glatform. i Sho Teatns Q
This famous automated workflow has AT bt SO i ook
now been disclosed and has been

implemented into UltraMap 3.0 UltraMap ¥ s
e 3.x

UltraMap/AT ¥/ lo.€0 |
Dense Matching : . :
|W I

UltraMap UltraMap DTMOrtho-

| UltraMap Dense Matcher Module ' & DSMOrtho Module
Distributed
Corc/
2003/2004 2010 2011 2012 2017/‘ J
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Leica RCD30 Digital Direct Reference System (DRS)

QC Checks for DRS:

. Lever Arms Offsets

§
g

. Boresight Calibration - 3
months

. Consistent GEOID model
. Base Station Antenna Offsets

. Desired Coordinate Output.
e.g. SPCS, LL

2017 |
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GNSS/INS -WPK to RPH

Project: 00000 A

Program: Inertial Explorer Version 8.58.2923

Profile: STATE PLANE(OPK)

source: Features/stations(Smoothed TC Combined) GPS antenna
Datum: NAD83(20e11), (conversion NAD83(2011) to NAD83(2011) (Same))

Master 1: Name TALH, Status EMNABLED
Antenna height ©.600 m, to ARP [LEIAR2G(NONE)]
Position 3@ 23 47.48352, -84 21 21.83548, -5.856 m (NAD83(2011), Ellipsoidal hgt)
Position 3@ 23 47.48352, -84 21 21.03548, -5.856 m (NADB3(2011), Ellipsoidal hgt)
Master 2: Name PRRY, Status ENABLED
Antenna height @.ee@ m, to ARP [LEIARza(NONE)}
Position 3¢ @4 40.11913, -83 34 28.60936, -12.931 m (NAD83(2011), Ellipsoidal hgt)
Position 30 @4 40.11913, -83 34 28.60936, -12.931 m (NAD83(2011), Ellipsoidal hgt)
Remote: Antenna height ©.000 m, to L1PC [Generic(MONE)]
IMU to GNSS Antenna Lever Arms:
X=-8.624, y=-5,173, z=2.319 m (x-right, y-fwd, z-up)
Body to Sensor Rotations:
XRot=0.000, yRot=0.000, zRot=0.000 degrees (Rotate IMU into vehicle Frame)
Geoid: GEOID®3( CONTUS)CURRENT .wpg (Absolute correction)

gndimap projection coordinade system (y=grid north)
< 7 Local level system (y=true north)
Notes:
o, §, x referenced 1o grid coordinate system (ground-to-akr)
roll, pitch, yaw referenced fo local lovel coordinate system (air-fo-ground)
AR expressed in aré-x System

Map projection Info:
Defined grid: US State Plane, FL North (983)
U.S. State Plane for FL North (9@3)
W-P-K Settings:
System: Map (Us State Plane, FL North (983))
Order: W primary, P secondary, K-tertiary
Axes: x-forward, y-left, z-up (conventional frame)
Boresight: On (BX=-@.23@0@8, BY=-0.18080, B7=0.96000 deg)

Figure 6: Relation of Omega-Phi-Kappa (WPK) to Roll-Pitch-Heading (RPH)

station Easting Morthing H-MSL Omega Phi Kappa

(usft) (usft) {usft) (Deg) (Deg) (Deg)
1600_01_p01.tif 21687083.229 537156.521 456.462 -8.276735 -8.123096 348.167343
IBBE{BI_BBZ Jtif 2168774.288 537141.954  454.549 -8.263680 -9.131872 348.175778 v

2017 _/| -
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Trimble Applanix PosPAC - Boresight Calibration

20160930_Boresight_ Results_Repor it - Netepad

Project Nam " ' 1

Processing Path COdata\shares \CO\SURMAP\LAB\POSPaC MMS\Project s\ 20160930 _Bor
Camera Type e

Date: 1/21/01¢

Time! 1:01:39 PM

Project Configuration
Nusber of photos: (1)
Nusber of strips 6
Nusber of GLPs 14
Nusber f Check Points o
et of tie/pass pt 1006
Degres f freedom 6165
a1l length{mm) 120.000

Pring al Point OFf in x{mm) 0.000
rincipal Point OFfse n y(ss) 0.000
Isape measuroment x SD(micron): 12.000
Inage =ea esent vy SD(micron): 12.000

nisus Ground P ax(USFoot ) 0.016
Maximus Ground Parallax(USFoot) S.20n

L TP GHSS position

— d;- IMU trajectory

-

sppa Cardinal Rotation(D« 180, 000
Nominal Photo Centre SO(Meter): 0.050 0.050 0.0%
Nominal IMU Angle SD(Deg): 0.005 0.005 0.008
jominal CP SD(USFoot) 0.200 0.200 0.200
< ght A (Arcmin) 1.242 -0.209 31.005
% oy
Calibration Result
Correction to update
trajectery of IMU
Nus f Iterat ) )
MS of GOP Residuals(UsFoot) 0.101 0.120 0.1¢ >
S of Check Points Residuals(USFoot) WA

esun T/a/n/nJ




Antenna offset for -Inertial Explorer GNSS/IMU systems

QC Check for:

1. Lever Arms Offsets

2. Boresight Calibration - 3 months

3. Consistent GEOID model

4. Base Station Antenna Offsets

5. Desired Coordinate Output. e.g. SPCS, LL

FDOT FPRN Data supplied in
RINEX files

Services .
y RINEX Comtrem = !
Create new Rinex Download or = |
Manage existing Rinex jobs | o ‘
Computation Service T 1
Submit data for computation wv—u—.l 84474 Faten | Ure Aooge Posten |
8 FPRN Station Datasheets & Superseded Control -
Individual Station Information for position at ARP ivorebemegy e
F U werend setod e
Mw RO -
. Aevwwn i [aiomeny . e
Antenna Reference Points (ARP) sttt

[ ] cw |

http://www.fdot.gov/geospatial/fprn.shtm
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Novatel - Inertial Explorer & Applanix - PosPAC - A Priori

o oot Fosdyoin

| e Bor Bwess Zowiog Orapn e Wodew Lisy
I @ S| HEAE D REEE il ©

ubasd WV

. N -l B e S N W e
= B a
X% rrIYX rYIT X3 Y rry X1 ia
« ]
¢ 1
Y s 1
Cate
| PIGHEL Iy AR AL _LEm J v
[
- s e wee " o0 @ e
o 182
Asm S T (T GNT el tne oW
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- Exterior Orientation Computations




Aircraft
(real-time) D

Extract
tie & control
(SOCKETSET)

triangulation

photo EO

data

photo event FWDIMU || REVIML
times 4Iabl¢‘s: 5 | | Traiecton

Photogrammetry _Photo EO Inertial
Processing Xyzoéx Explorer

Figure 5: Workflow for Aerial Photo Mission Using Inertial Explorer and SPAN

Aerial Photo
Mission Workflow

Leica-Novatel

Inertial Explorer
SPAN

Design Training
- Exrto




DRS in Photogrammetric Mapping and the FPRN

Standard with GNSS + IMU Inpho 10.7.4
In theory control points are not needed when using GNSS/IMU data. In practice direct georeferencing
without aerial triangulation is not accurate enough.

The poor accuracy of exterior orientation parameters derived from direct georeferencing is a result of
GNSS projection center coordinates not corrected for drifts and shifts. Aerial triangulation can help to
refine those positions.

Just one ground control point is sufficient to determine the shift in GNSS/IMU measurements, to correct
for the drift, requires at least one more control point. | tTe

T
“:{1:&4_’_ By : ry "?‘ssola ;’: 'Lllai see ; *3754|e
7. 2 ' 1 ' 't '

Dayl Beach

1 Base Station
Ground Contrel—

| \{?{q %

'n

'
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Camera Calibration

Leica RCD30 System Calibration Certificate

Sensor layout of tested system

The RGB CCD carries a BGGR Bayer pattern with overlapping spectral bands.
The NIR sensor is a monochrome CCD. It is spectrally separated from RGB through a

© 30 Distortien Correction Plot

[Fami i

4 el %54 ;‘;’;‘: 2 dichroitic beam splitter device. NIR pixels are 2x2 binned from 0.006 mm to 0.012 mm.
: g I f: = Sensor | Pixel size | Activerows |Active columns Raw rows Raw columns
’l B wasen [T =] [mm]
x g N RGB 0.0052 7752 10320 7788 10336
40 g 200 NIR 0.0120 3654 4478 3366 4500
Camera model of distortion free images
o e All factory calibration results contain fixed nominal foeal lengths and zero prineipal point
offsets.
Leica FramePro applies the grid to create distortion-free images of nominal foeal length and
pixel size. NIR is interpolated to the resolution of RGB during this process.
s b Parameter Value of distortion free images
—= e c focal length 53 mm
xP, yP: principal pomnt (PPA) Zero
The PPA is the origin of the image coordinate system. It 1s
H < H < < < H located in the image center (row 3893.5, column 5167.5).
Correction Grid or Distortion Radial Distortion Table B i e ] 2
o o e _° - - -
Coefficients sufficient for specially Py decenterng diorion | Zero
[ [ { b1, b2: -orthogonality Zer
Needed non-symmetric lens designed metric camera o nomortbogonaly °
o o Pixel size (height and width) 0.0052 mm for RGB and 0.006 mm for NIR
d’Stortlon Image rows 7788
Image columns 10336

e I
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Leica RCD30 Digital Camera Parameters

Camera Label X frm]  70.00000000 Omega [*] 0.00000000
Camera Serial No. 62027 Y [mm]  50.00000000 Y 0.00000000
Common questions are: e 2l omomom w1 comomon

Lens System Artide No. 785422 ZGPS [ 0.00000000

Update Calibration File

1 1 p) Geometric Calbration RCDI)_GEOMETRY_CAMERAHEAD-62027-A-777966 LENSSYSTEM-S0033— 785422 DATETIME-20130418- 124441004 | Updete |
What is the calibrated focal length? =TT T

RCD30_SENSORDATA_CAMERAHEAD62027-A-777966_DATETIME-20130415- 140744004
RCD30_PRNU_CAMERAHEAD-62027-A-777966_DATETIME-20130415-140348 RAW

What is the sensor size in pixels? o250 ot 57 i 081 051310

Update Misalignment

What is the pixel size? I

RCD30 Sensor stores Camera Calibration in XML files 2017/! -
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Photo Scale Vs GSD

Terminology
Table 52. Terminology Explanation Table 54. Irrelevance of photo scale for direct digital images
Airborne digital camera Leica RCD30 Film aerial camera RC30
[ [Sensor with GSWMGEBIN  Sensor with 12 um cCD
Seenin % Image size 228 mm x 228 mm 4 mm : ‘ T Sensor data
/\ CCD: 12,000 pixels @ 6 5 um CCD: 12,000 pixels @ 12 um
\ Lens: f=63mm, FOV 64° / Lens: f=120 mm, FOV 62°
" Flight data for 10cm GSD / " Flight data for 10cm GSD
' Flyingheight  965m ' Flying height 1,000 m
: . 'Photo'Scale  1:15384 \ 'Photo’ Scale 1:8,333
Swath 1,200 m Swath 1,200 m
Equal GSD at different image scales - even when the CCD pixel size‘is different
24 km x 2.4 km ' DIMIIWQ‘IZ.OOOPIXOIS ael’ﬂsstraek Digital image 12,000 pixels across track

- — —
Photo scale 1 : 10,500 \
Central Perspective Central Perspective — \ 3

1 Pixel = 10 cm GSD

et

Swath on ground 1200 m

Terminology. such as focal length and its properties. are the same in the Leica RCD30 airborne Swath on ground 1200 m

digital sensor and the RC30 analog aerial camera. Other terms are derived differently. In other
instances there are different words or terms used to represent items of a similar nature.

2017 /| -
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Zeiss DMC to DMC llI - Evolution of Productivity

DMC I

TRT

2000
DMCIII

DMCII

DMClle230 10cm GSD, 1555m Swath, 1642m AGL 2017/] \—/
—
Hexagon DMC I 10cm GSD, 2573m Swath, 2359m AGL )esign Training
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Vexcel UltraCAM

R SYSTEM

PAN image size V.0 x 11,310 plads Imaging sensor cco

e gty —— e s it wewse “When talking to data acquisition
co s it 9 T e EEER meminens  CcOMpanies that are just now looking to
e : bR «« transition from film to digital sensors, the
topic of base-to-height ratio sometimes
still comes up. This is often because some
& _ = sensor manufacturers overemphasize b/h
) @f\; ULTRACAN ratio to hide shortcomings of other factors
- - - in their camera design. While b/h ratio is
- @l e ® not unimportant, it is not the only

determining factor with respect to vertical
a height accuracy and has lost its significance
Sk e S in digital photogrammetry. There are other
ey e i b o2 factors in the digital camera world that
have an even greater impact.”

ULTRACAM

Jerry Skaw, Microsoft UltraCam Team -

@
vexce UltraCam Blog

2017_/| -

UltraCam Calibration Laboratory: The three-dimensional calibration rig covers a horizontal field of 12 m. )
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Photogrammetry Versus LiDAR: Clearing the Air

= Camera System

cood-bacelholdhtrat

* Capable to produce high frontlap frame images
(footprint + max. frame rate)

* Geometric accurate and stable images
(PAN, no Bayern pattern)

* High dynamic range PAN images
(>7000 grey values, >> 12bit)

» Paralaxe free multi spectral images
(syntopic exposure)

YWEXXC _EL.
esign Training
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B 0 e

[@] File Edit Project Tools Configuration View Window Help

DIHA |9 ™[ X

 Project Explorer

K@i @ Oal— « A @ER

2 x

(22 Placenames

(& TopoMaps

(& User Map Layers
£ Geographic Grid
Starfield

DTM as Image
LAS as Image

% Thumbnails
23 Flights

53-8 Ground Control Points

- Graphic Objects

= Flight Plan - [HiResLow 1100f]
(£ Flight Lines

3 Events.

@ A0l -[1100]

" AOI Line -[1101]

# AOI Line -[1105]
#* A0l Line - [1106]
# AOl Line-[1107]
@ A0l Line - [1108]
# AOl Line - [1109]

NRL. Monterey — 'Real-Time' Weather

~

Name: |CH61/62 53mm

Description: |CHE1/62 with NAG-D, 53mm lens. 3000 x 6732 pixel

£ Parameters

Sensor Type:
Digtal Frame Sensor

Pixel count along track:
Pixel count across track:
Pixel Size:

Lﬁ Focal Length:

Image size along track: 40.392
Image size across track: 54

B Extended Parameters
Release Delay
Min. Cycle Time:

Graphic Properties.

Layers Planning Footprinis _ Evaluation

; 4
iview Park
ew

i Ri

a

Mission Planning Matters get it Right!
L

iy

mulate ADSE0 into frames
Fica AHAB Chiroptera Il air.
fica AHAB DragonEye Du.

Current DTM Outline

AOIs

A0 Footprints

Flight Lines

Flight Line Labels

Flight Line Footprints

Flown Flight Lines

Flown Flight Line Footprints
Events

Event Labels

Event Footprints

Flown Events

Flown Event Labels

Flown Event Footprints
Flight Path

Graphic Objects

Ground Control Points
Ground Control Point Labels

=
|

_ : 3 e o = : >
h ' Broadview Park =
l a ’ 39 L Riverland
i { LA = _.. / '

Wity iestviad by Paw tnd nrder

v

v o Help fica AHAB DragonEye Sin
ica AHAB HawkEye Il air
X Sica ALS Aibome Laser Sc.
T = ALS80 Woolpert 2017 LaserScanner  ALS Arbome Laser Scanner
Saf=21= je) CH39 100mm DigitalFrame. CH39 with 100mm lens 7216
Control Points | Selection CH39 35mm Digtalframe  CH39 with 35mm lens 7216x
F CH33 60mm Digtalframe  CH39 with 60mm lens 7216x
ok & CH61/62 150mm Digtalframe  Leica RCD30 CH61/62 with
Pighes & CH61/62 52mm repla... Digtalframe  CHE1/62with NAG-D. 52m
by & CHe1/62 53mm Digtalframe  CH61/62with NAG-D, 53m.
prghss & CH61/62 83mm Digtalframe  CHE1/62with NAT-D, 83m.
P & CHex 50mm (eplaced)  Digtalframe  CHE1/62 with NAG-D, 50m
P4 & CH6x 80mm (eplaced)  DigtalFrame  CHE1/62with NAT-D, 80m.
& & CHB1/82 150mm Digtalframe  Leica RCD30 CHB1/82 with
P & CHg1/8252mm (repla... Digtalframe  Leica RCD30 CH81/82 with
oy & CH81/82 53nm Digtalframe  Leica RCD30 CH81/82 with
- 8 crg/e2 83m Digtalframe ~ Leica RCD30 CH81/82 with
» ks i o i >
B
B
B
ok
ok
B

&' Property View | Graphic Properties

Horizortal: US State Plane - NADS3 - FIPS (NOS) Zone Numbers/FLORIDA EAST (301) East:888485.3 / North:644387.9 us_survey_feet

Know the Limitations and Capabilities of your e

Vettical: (elipsoid) -59 us_survey feet

Help.

Plannings and Flights ‘ Fught Pam . e —— -

q St Tum* 1%}
Cumont bark argie *
Vs 18 e

Avarnge \om be

1. Sensors System (Camera or LIDAR) | = gk

2. Aircraft Capabilities

3. GNSSJ/INS Base Station
4. Optimum Satellite Configurations ... 2017 | ™

:h ( WestPark

- | =i § 4 . N
=y ?a:m'mm Phwy - & , ; S
=k k1 POONSS K Miami Gardens

'
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GNSS and Cross Strip Improves Block Stability

A Z)
A A

_‘.
N{ Y.Z control Wir/)_
+
cross strips
* GNSS additionally provides good approximations for the projection centers increasing the
success rate in image matching and reducing processing times.

* The block stability is imﬂroved by GNSS in the triangulation run. Even if some photos are only
sparsly connected to other photos the block remains stable.
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GNSS/INS - Bad Drift and Shift Correction

SHERP A APEEYEEECEREEEOEEAOE  Result is not acceptable!
&6 @ﬁ“&ﬁ”é@@p@@‘@uef eEEEEeEee
tf'N @El@@@@&@ PEPREeeEEseeeeee®e® Shift and drift corrections
@@;@@gﬁ%ﬁﬁwr 0,00l Q’éie\ e,xe @eassseoe werenot computed
{C 1 C10808Cr O IO CITICICIO, 01 successfully

10010 ook OHeHCHORCHIolCl O] 00O ORI - & - SN ) £0
(Ol{OJONONOHOHOHOHOHONOHOHORCI o oS ORC R Rl R MR R e

0RO RO 0T 0RO 050, OUOROROTOSONORORORCECECRORCRO

cpleolalololololo o oottt iRt o

™

By Inpho

“From a photogrammetric point of view, there is a great advantage
in the stability of a system with a minimum of moving parts”

ASPRS Manual of Photogrammetry- Sixth Edition Sec 14.2.2
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GNSS/INS - Good Drift and Shift Correction

Good and reliable computation of exterior orientation parameters!

A
‘@@@*3@tE:@.?G!@*@@)@FSt%FG!@@!@@FC-)!EW@'@'@'@"@@@@@
Q@-GG@%—B-B-B»SG&@-e-a-%o-n-ﬁﬁ
JORORCR R RS S 8 2 2 S01CIOI0T0 0 R0 RoR- RoR- R R R B2 2 200
PR R R R AR RS 22 2otclolololel LA DR SRR R
G-QQ».—Q-Q-Q'O909-@@-@@@@0-0-00-.-0—-4-‘c-c@
eePrescce00000e0000snsess Y A
R R R CRORCRCNORORORCRCEIERY CRCRO)

A
@'l-O’C-G-GW@@@GGGQ-O-Gv-C'@ GPs
@%’GW o ° o o o o ° o 0 o) 6302@ reference (traditional AT)
A 4 > # ground control points

2017 /'\_/ h
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Block with cross strips for 3D Model extraction

Theoretically, the larger the
Figure 87: Example Block with cross strips for 3D Model extraction distance from a control point, the
larger the residuals

The maximum flying time for a line must be less than 20 minutes

* Thus, the center is the best
location for the single control
point configuration. Base Station

¢ Control points in the block
corners result in a better
distribution of residuals and-
smaller residuals throughout the
complete block.

* Check points should be used in
the center of the block to detect
@® GPS base station any deformation.

A 3D Ground Control Point Inpho
'
)esign Training
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Block with cross strips

Block with cross strips

This arrangement is the preferred flight plan layout for applications like: %/}N f%

*  Line Mapping. Stereo Feature extraction requires high pointing accuracy. R | e

* 3D Model extraction. When the objective is to make all objects viewable from all sides. L7

The block can have any shape. At each comer a 3D-Ground Control Point should be placed such
that it is covered by the flight line as well as by the cross strip. Examples are given in Figure 86
and Figure 87 below.

Figure 86: Example Block with cross strips for Line Mapping

The maximum flying time for a line must be less than 20 minutes

Leica RCD30 Aero-Triangulation Configurations

A 3D Ground Control Point

— )esign Training
Erpo

@ GPS base station - - 2017/‘ /



Corridor Mapping G

Corridor mapping — L1
At each comer of a strip of the corridor two 3D-Ground Control Points should be placed such A

that it 1s covered by the current flight line and by the flight line next in sequence. An example is
given in Figure 88 below.

Figure 88: Example Corridor Mapping

The maximum flying time for a line must be less than 20 minutes

{ <50,"ma
o
~-_<50 km

Leica RCD30 Aero-Triangulation Configurations

@® GPS base station
A 3D Ground Control Point 20,1,71,‘ 4

)esign Training
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Block without cross strips

Block without cross strips

This arrangement is the preferred flight plan layout for applications like: S oy
ey "~z
*  True orthophotos . ,
*  Ground orthophotos 2431327

*  DSM generation
*  Remote sensing

The block can have any shape. Four 3D-Ground Control Points should be placed somewhere in
the comer areas of the block. An example 1s given in Figure 85 below.

Figure 85: Example Block layout without cross strips

The maximum flying time for a line must be less than 20 minutes

l |
s —
il
[ =
[ : !l
| L |
L, '~ ] l
| ] : I" Leica RCD30 Aero-Triangulation Configurations
[ a —a— l
L : 5 | !
| | /
/
‘-504&,‘»- - /
: ggsc:::‘: zz;::tol Point / 2017 > ‘ /
pe— =
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The Mapping Process for Conventional Photogrammetry

USGS Camera Calibration Office closed March 2017
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Erpo



The Mapping Process for Digital Direct Reference (DRS)

F

e
|
|
T
|
SR e
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1
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Phase

4Processing

5Products

Proposed (Mobile Surveying and Mapping) MSM Data Delivery Sy5tem for CIM (Civil Integrated Management)

Directory Stages
1QAR sow
Methodology
AOI
Flight Planning
Recon
2(ollects Boresight Calibration
Flight Execution
\RAWTIFF
\RAWLAS
3Registration Sensor Orientation

Aero-Triangulation

Final Adjustment of
LIDAR
Final Adjustment of
Photos

Final AT Adjustment
Final LIDAR Adjustment
Final Adjusted EOs

3D Topographic Survey

PSM AT Report
PSM GroundControl
Report
\OrthosFinal Orthophotos
Final Adjustment of
\LASLIDAR
Final Adjustment of
\PhotosPhotos

Activities

Store all scope of work documents

Journals, emails and memos.

Write-up of Proposed Approach and specific QAR
document

Created limits of the project

Created flight plan of the project

Created a location layout of GCPs

Calibration Report of GNSS/INS/Sensor system
Download Direct referencing data GNSS/INS

Download AOl imagery collected in sub-folder \RAWTIFF
Download AOl imagery collected in sub-folder \RAWLAS

Process the GNSS/INS data for Exterior Orientation
Process the GNSS/INS data for Trajectory Orientation

Run Automatic Bundle Adjustment and edit blunders
N.B. The completed AT project can be delivered.

Run final Adjustment on LIDAR data, filter noise and
georef.

Photos Georef. Coords final Adjustment

Place Final AT Adjustment in this folder

Place Final LIDAR Adjustment in this folder
Place Final Final Adjusted EOs in this folder
Place Final 3D Topographic Survey in this folder

Place Final AT Report in this folder

Place Final Ground Control Report in this folder
Place Final Orthos in this sub_folder \Orthos

Place Final Adjustment LAS point clouds. \LAS

Place Final Photos taken on LIDAR Trajectory \Photos
Place Final Photos taken on LIDAR Trajectory \Photos
Place Final Geospatial Metadata files

Files
MSTS#SOW.doc, etc.
MSTS#JNL.doc

MSTS#QAR.doc
MSTS#AOI.kml
MSTS#FLP.kml
MSTS#GCP.kml

MSTS#BSC.txt
MSTS#GNSS.xml
MSTS#EVENT#.TIFF
MSTS#SCAN#LAS

MSTS#EOS.csv
ASClI file of computations

MSTS#ATEOS.csv

BINGO -MSTS#itera.dat

ISAT - MSTS#densified.txt
SOCETSET GXP - MSTS#.gpf

Inpho Match AT- MSTS#itera.dat

BLUH - MSTS#itera.dat

ASClI file of computations

ASClI file of computations

MSTS#itera.dat -BINGO, PAT-B
ASClI file of computations
MSTS#ATEOS.csv
MSTS#Survrd.dgn
MSTS#ATRPT.doc, non-scanned
pdf(xml)

MSTS#GCPRPT.doc,
MSTS#ORTHOTILE#.tiff

MSTS#LASTILE#.LAS files.

MSTS#PHOTO.jpg files.
MSTS#TAGEO.csv
MSTS#PHOTO#.xml

Data Dictionary
Documents citing the purpose of the project, Scope Of Work(SOW), Contract, etc.
Journal all decisions and activities prior to execution, include all emails

Brief overview on the approach to the project, and QAR documentation relevant to the project
A google earth KML file delineating the limits of the project, the Area Of Interest(AOI)

A google earth KML file showing proposed flight line,ground footprint, sensor events

A google earth KML file showing proposed Ground Control Points

A ASCII text file output of sensor system boresight calibration, including the date executed every 3 months.
RAW Direct Reference System(GNSS/INS) data in XML or ASCII text format

All imagery(Digital Aerial Photos) collected for the AOI in RAW TIFF format

All imagery (LIDAR) collected for the AOI in RAW LAS format

An ASCIlI comma delimited CSV text file- ImageName,Easting,Nothing,Elevation,0Omega,Phi,Kappa,Roll,Pitch,Heading,RMS,X,Y,Z- Thus providing A
Priori data to Aero-triangulation processing

Post Aero-Adjustment Exterior Orientation -An ASCIl comma delimited CSV text file-
ImageName,Easting,Nothing,Elevation,Omega,Phi,Kappa,Roll,Pitch,Heading,RMS,X,Y,Z-
If using BINGO AT

If using Intergraph ISAT

If using BAE SOCET SET GXP

If using Trimble Inpho Match-AT

If using BLUH export BINGO itera.dat format

Final Adjusted LAS point clouds

Geotagged Photos on LIDAR trajectory

Final AT format should be BINGO-itera.dat or PAT-B

Final ASCII file of LIDAR Adjustment

Final EOs exported form Aero-Triangulation Software

Final Topographic Survey features extracted from Photogrammetry, LIDAR, and Field Surveys

Professional AT survey report of the process, procedures and assessment. (N.B. No AT software print out)

Professional Field survey report of the process, procedures and assessment. (N.B. No AT software print out)
Final Orthophotography images in TIFF format with TFW sister files

Final Adjusted LAS point clouds

Geotagged Photo on LIDAR trajectory
Exterior Orientation file for Photo taken on LIDAR trajectory
FGDC/ISO metadata
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Review AT results in Microstation

eitings Tools Utilites Workspace Window Help

B 32n»« @@ A0 PHA AR ANED D HeR hk L bedALRE PRSI YRS LT L B i

V8 DGN] - Bentley Descartes V8i (SELECTseries 5)

~Eo~zo0o~-=0 8o~ 0 i@ -BRAD GG
PAZ4 v BT E EER

W View 1 - Top, Default EI@

B~ A RBHYOWeR 3936
blunders not shown in the final solution

é = =

I Pt P QP & e S |

o
e,
—_—
e

g S

e
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fee
oy

S * . Miss matached
Pt =3 | point resulted
e .: .
S : parallax error
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M
.
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Ultra Edit - Text Editor ISAT Densified Controls

Home | Edt  Formal  Wew  Codeg P

nerm=t-2% Request Software AT reports:

= AC Bmcow | 2 [ ) ) B B g e
- L g (5] 3 a1en
E* v oy Werd eunt = 15 S = [l B [Fommecen = 'n ! Coler Z 3 Copy sebnctad e
= 22 R | o o = [ B B S O | 7 |5 8-
Son

R Sancted brwls Cigborn [ ook L

ISAT - Densified Controls

i i T 1
1
! begim control_points  swed. 1 syed. 1 sr=d.1 po=k¥YT  pt-CONTROL
| 14619442 9BOTH1, JAB60NTT6R GA4685.0064320652 169.956509179564 funed. 1 Jayed.1 szl JpcedNT [pteCONTROL fdesce - Demsified
14641278 9B1617,8I57TLE545 653910, GEAEOA0AD] 163, BAZ30AT5756T S ] Jayei1 fszed1 JOCsHVT [pteCONTROL fdescs - Demsified
18641299 T80EAL, BAZ335E597 A59800, BAITERSHYI 162, 1RGSEAMAZIE fsund. ] Jzys.1 fsze0.1 Jpead¥T [ptelONTROL fdescn - Demsified Bl NGO - itera dat
14745867 SHIBEL. S955PUSE14 BAI01A. PRSI 145, 6SABI5EA4T1S  faund. ] Jsyeii.1 o JpeadY? fpt=CONTROL fdesce - Demsified .
14745516 982057, 0819534571 644800 PAEMS290 184.9124871007TE  faned. 1 Jayed1 fszed1 JpcedNT [pt=CONTROL fdesce - Demsified
¢ 14743651 9B, FITORGEITE GHI0SL,BOGTIOTNG 145.641RI6IXIZING fsnedl,1 Juye.1 fszsd.1 JpsdVT [pt=CONTRIL jdescs - Demsified
¢ 1ATASE6T 2139, ABI0GITE GAI051.ATOIETS 147, LAIRSMAETIL faund, ] J5yn.1 f5z0.1 PRV [ptsCONTROL fdesce = Demsified
14743003 98182 G2TL0T1I8T B45253. NASAI199S 193 6441607674762 fzund. ] fxyeii1 jszed1 JpeadYT fpt=CONTROL jéesce - Demsificd
11 14743486 OBSHY. DRG02BDNEE GASASE. DASSAIRNBE 185300 13AFIAIT funsd.1 fayedl 1 faread 1 Spesd¥? fpt=CONTROL fdescs - Demsified Socet Set GXP _% f file
17 14743896 978567, 1265852233 685411, 4596340469 171, 1956218767711 fsxedl. ] f5ye0.1 fs0.1 JpesdVT [pt=CONTROL fdesca - Demsified ogp
U I4TAINTL DITITL.GOIL60458 GAS430, THITIINL 201, B605071RE5HE faund. ] Isyed.1 fsze0.1 PR [pteCONTROL fdescn - Demsified
14 14743687 9770LE. SIA93SRESS G4STLT.£5STRITHST 233.100491377860) fuusd. ] Jxyeii1 fszl JpeedYT fpt=CONTROL jéesce - Demsified
15 14743154 077964, TATAPITIE 645416, D1IOTIIAL 166, 190095ID55MY fuxed. 1 Jsyed 1 Jazed1 JpcadNT Jpt=CONTROL fdesce - Demsified
14745698 08236, ARATI63455 697007, 5108982631 145 67090406550 e, 1 f5ye1 fs0.1 JpesdVT [pt=CONTROL féesca - Demsifled .
I874815T 979803, TOSAEIE0IT BSI0I7, BATEETROE  162.BARVTRESEENIY [sue.] J5ye8.1 5181 YT fpt=CONTROL [descs - Demsified In ho - PAT_B flle * tb
14746159 979901, 4503733572 GE4186. 5545997206 167, 948362311507 fuund. 1 fsyeii.1 fszedl JpCedYT fpteCONTROL fdesce - Demsified P -P
1446277 97HEST. JABIB6IESE 649071 KDAARTIRAR 167.0041761015536 funed. 1 Jsye.1 Jszed1 JpcedNT fpt=CONTROL fdesce - Demsified
14747026 979864, 6373179563 634380 BE11791706 156, 5125407642547 Jsund. 1 f5ye.1 fszed.1 JpesXNT [pt=CONTROL fdesca - Demsifhed
14747152 9TNEAE GI0L06793] GRASU5.PHISETINST 180, TISOGROTIEEES fsund.] Jsye.1 f5zs,1 JpesdYT [pteCONTROL fdesce - Demsified
14746438 977501, 434595183 4184 6513260125 191.9533345123064 fausd. ] Jaysi.1 faze 1 JpCadYT fpt=CONTROL jdesce - Demsified
14746532 9772, 4472042622 64035, FOIEI5TIHZ 156, 1718024456005 fansd. 1 Jaysd1 fszed1 JoesdYT [ptsCONTROL fdescs - Demsified
2 LATAE509 76696, 5528050691 634200, BORATONIGT 218 JRASTOOTESNIS fsed. ] J5yel.1 fsze0.1 JpesdNT fpt=CONTROL fdesca - Demsifled
6 1674TINZ 977679, ZMATSIAS EBALMA JTHEA]  175.2422789153089 [sue0.] f5ye8.1 f52:0.1 JpieRYT Jpt=CONTROL fésce - Demsified
14743008 978515, G17TA30TEE GA4THI. FHEI2I6TI6 169, 4296991650044 funsd. ] Jaye.1 F— JpeedYT fpteCONTROL desce - Demsified
14743060 977634, 1547573673 644070, STI2ATASHS 152, J042T4B05E] funsd.1 Juysd1 jsred.1 JpeadNT [ptsCONTROL jdescs - Demsified
14537372 91665, 2930366796 695173, BIETTRII 177.5322522105042 fsnd. ] f5ye. 1 fsad.1 JptedNT [pt=CONTRIL féescn - Demsifhed
14742637 282657, 6513564811 £45465. FTIS9I060 145, ITIOTRLII frusd. ] f5ye.1 f52:0.1 PN [pt=CONTROL féica - DemsiFied
14637478 92197, 1907184613 G45410. TSEOA055A 163.036405406580% funed. ] fzysd.1 fszedt 1 JpeedYT [pteCONTROL fdesce - Demsified
14644519 UBOESS, 1793545738 G457, LB6TI5I28 160.5153P03775350 S, ] Juysit.1 jszad.1 JoCadNT [pt=CONTRIL fdescs - Demsified
14531897 981506, HL1054545 659928, BO1I040T53 159, JIA261MBE05 fswnd. ] J3ye.1 fszed.1 otV Jpt=CONTROL féesca - Demsifhed
18426903 991810, 9830001651 E52700. 15500806  169.5458993932382 fsusd.] Jsyed.1 f52:0.1 PRV Jpt=CONTROL féescm - Demsified
14437062 SH1633. 0SBAGEENZ BAI626.43I688304 135 4G0BH2HITSTA fuxed. 1 Jsye.1 Jszed 1 JpeedYT [pteCONTROL fdesce - Demsified
14617310 98167493321 33646 642553, SELILI866 152, 1247112526998 fand. 1 Jsyud. 1 Jszed.1 JpCdNT [pteCONTROL fdescs - Demsified
14633340 DR1277, 0323200621 653442, 503514046 160, 4108636626631 fsund, ] Jsyed.1 fsze.1 JpCsHVT Jpt=CONTROL féesca - Demsifhed
i »
Saarch complite, found TTTITHT TETTTLATTIeTer ITTPTRaTTera T ATy A0 el (1 Slafull) e 1, Cal 1, CO DS 1252 [AWSI- Lat i = Mo baghghing = Med TARZ0T6 e5S12 AM  Fle sine: 12070255 iw || e L

Text Editor features need : Column Mode, Search By Regular Expression, and Results Output 2017 /| .
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Ultra Edit - Text Editor
Search ISAT Densified Controls Regular Expression

vome | BdA anll 'H'l-l Coding Prw Layous m m @ * Suppor

i Tipep a;l:n_-'M ,n-nw;hm @ {—-ualeﬁa-ﬁ;- [¥ oAf Provious == ﬂmm | ﬂ :;‘-r‘ W Duslare
ﬁ]lmw\d = [ . = Mot change F.{™ % @D itraterary |- $ S =T Rename
e repisce R Frrepiacs m thes | " = ¥ S catact spp pothima (25 Emad

Cipbaard Searrh Mavigate Bookmarks Extraz Active file

I iy T L T ¢ FPTVOTE ) | PPWTPIPL L | I
BTG E: wc_.n.ms.m.mmm PDE541-Excambia_Fltsl_72 nmuryxmtmumm namm 1196374, 9@21 T55ga13. 1717095000 114,762 Jixeb.1 Faysl.1 faz=
16817 E:WQC_AT\ISAT, 10168715 _PDE543-Escanbia_Fltsl T2 Densify\control(70057): DISOP155 1158118 8046 620413 _BO6000B0A1 172,319 _ faz=
36618 E: VX _ATAISAT\ 20160719 _POG543-Escanbia_Fltsl 72 Densify\control (70060 : DIVOP158 11977210187 601008670 127 882 faz=
AT E1WOC_ATAISAT\ 28168719_PDE543-Escambia_Fltsl 72_Densify\control(79961): DIDOP1SS 1208355.0493 6876093, 2112 118.33 Frd  eplace Frdinfies | Aesiace n Fie /azm
36820 B+ YO0_AT\ISAT\ 20168710 _PDE543-Escambia_Fltsl 72 Densify\control(70062): DISOP160 12100751146 TRREE] . 0875 271,463 SR =] | fa2=
36821 E: YOO _AT\TSAT\ 20160710 _PD6543-Escanbia_Fltsl_72_Densify\control (70064): DIBOP1562 1244470 B306 6235899152 160,16 Pinc whac ] jare
A2D E:VQC_ATAISATAME0719_PO6543-Escanbia_Fltsl_72_Densify\control(70965): DI0OP163 124P687.7876 565942, 5377 132,912 TN W LI faz=
6573 1 VOO_AT\ISAT\ 20160719 _PD6543-Escanbla_Fltsl_72_Densify\control(70966): DIRIP172 11337082842 GR9EME. 7379 161,981 FIRTIITSTITT fsz=
824 E1 VRO_ATAISAT,20160719_PD6543-Escanbla_Fltsl_72_Densify\control(70968): DIIGPESS 1077237.6362 723417.2733 166, 7477 fsz=
IS B YOC_ATAISAT, M0168719_PD6543-Escanbia_Fltsl_72_Densify\contral (70963): DI1GPES7 11371599163 TEES31. 0964 248, 9985 I fsz=
26 E:W0C_ATAISAT\J0168719_PDE543-Escambia_Fltsl_72_Densify\control (70970): DILEPO63 1066141.4419 691157, 4845 30,9350 = fs2=
P Found CRRERRRRR PRRTRRIODERRRERY DRRRPRLDRIRRRRIRT MRRLPVPRRRRIRINVYT 36514 time(s). : E]
28 Search complete, found ‘PXP2RINLRPININE.PRPNIIIRR RRNIRR.PININRRIRY RRR.PPIRIIRRITIIC 36624 time(s). (1 file(s)). 8 current e ) setncted et L !
: : . : . ALORER L O topen thes R
< o Count gl
Tl B\ O ATSAT, 20160719 PGS4I Eacambia Fitr T2 Dty comtrsl
1 i i 10 . g 3 18 T sgilas LT T T - oy AT gl w0 F T T 15 L T 135 B0 .ida 159 180 . .| 178 N .
! St 3 L. - L il 2 d s 3" ¥
I begin contraol_points  sxed, ] sy, 1 sl 1 pemXYI  pt=CONTROL
114630447 920791, IA0693TI6] GRAGEE . OGAIIIE5E 159, 9565091795654 faxe0, ] Fey=i,1 Fez=, 1 fpe=d¥T fpt=CONTROL fdesc= - Densified
5 14541274 981817 .0357718545 BR3I1G, GHAGO4940) 163, B4235425758T  SsweB.1 Fay=8.1 Fsz=,1 fpc=d¥7 fpt=-CONTROL fdesc= - Densified
L 14841399 990804, 6023158597 SRIEAL, BAITENGE0D 161, 1085649692289 =01 Fay=0.1 Frz=@0.1 fpc=X¥Z jpt=CONTROL fdesc= - Densified
b 14ATASB62 931841 9955795014 GH3004.TIA1152043 149 654635564515  Ssue0. 1 Fsy=0.1 Fez=@.1 fpo=d¥T [fpt-CONTROL Sfdesc= - Densified
TO1AT45516 981057 0819334571 GHABOZ. TABA52TIS 184 91248710077 Ssue.1 Fay=0.1 Faze=.1 fpc=d¥T fpt=-CONTROL fdesce - Densified
5 14TASES1 982124, 2370BGEITE EOIOLL.BOA2IOTOOS 145 G418263212206 fiuwe0.1 Feys. 1 Fezal.1 JpcsX¥T Jpt-CONTROL fdescs - Densified
0 14745662 982170 JA0ISAE1ITE GAIOTL AIT0A1ATSA 147 1419540093721 faxed.1 Fey=_ 1 Fezei.1 JpceX¥T Jpt-CONTROL fdescs - Densified
10 14743003 920182 9271071287 EA525).TOOSE11505 100 6641607674762 fsx=0.1 Faye. 1 Fuzeld.1 fpceXYZ [pteCOMTROL fdesce - Densified
11 14742886 950520.0260ZB2068 GASASE.BOSGOTAIEE 182.5301338391011 fax-8.1 Fayed. 1 fazeRd.1 fpceX¥Z /ptsCONTROL fdescs - Densified
17 14743096 97BS67.226585223) GAS411.4598340469 1711956 218787711 fax=d. 1 Fayed.1 Fazed.1 fpcsX¥Z /ptsCONTROL fdescs - Densified
13 14743171 O77371.0011646408 EASAD0. F542910812 201 BEOSOTIRESI0D fexsd. 1 Jayad 1 Fuzal.1 fpesX¥T JpreCONTROL fdescs - Densified
14 14743607 077068, 8340158805 £A5717.4057027E57 133 1084012775683 faxsd. 1 Jay=B 1 Fezel 1 fpesX¥T Jpt=CONTROL fdescs - Densified
L3 ¥
Search complese. found “HHHIT HITIERTH I FITL R PRI JAAA timedsd () flelsll Ln 8. el 1. CO DOE  UTE-06 =] Mo hiahlahting =] Mod: S2ER017 12:00:00 AM  Fle sioe 17808262 2w || ps oo c
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Bl @@ 007N 5aS AEES A S0 wh ik - H St B o &% me® T e L
y % AL 2, 4 S 3 ek B-DE-2-H-A-F- R -G -0 R TR F = @5 IWEPEG
W@~ SEox S0 We - - g RPN S s [HT B B @ -0 8 i B e 1 e
- 0%

o Vies 1- Top Defeul

T r @ A TR EFEE

zfa]alsls]le) : z 5 e L P = W N Y = R g9

P it cire ol e Ml . ot Fourad & Dl AVEEIET ST 2368

# 10000PassPtsTxt.bxt

pa1s1 2164106,
28155  2164866.
20156 2164847
28157 2164841,
20162  2164863.
20163 2164144,
28164 2164139,
20168  2164810.
28173 2164189,
20174  2164231.
20175  2164212.
20176  2164835.
28177 2164823
20178  2164162.
28179 2164198,
28183 2164126.
28185 2164295,
20186  2164276.
20191  216440@1.
28192  2164385.
2819 2164367.

1316

x

72
13

58
17
28
58
59
53
15
43
a8
38
a8
95
41
52
38
76
36

71
AR

536581.
536469,
536394.
536332,
536543.
536586,
536445,
536382.
536523.
536494,
536436.
536485.
536419.
536391.
536378.
536542,
536416.
536374,
536531.
536469.

536412,
S3R704

56
34
32
66
49
R
43
a1
82
24
45
58
54
83
43
@3
53
19
85
33

78
a7

173.
A2
186.
175.
135.
19a.
139.
188.
191.
193.
191.
183.
136.
.58
192,
133.
196.
196.
194,
.46
199,

134

191

288

a7

Bz

aa
65
75
22
25
27
B&
9z
e
21

23
1@
GG
63
58

37
ag



Import PassPt Cell - Microstation CXYZ

T 10000ATC hackPamPtedgn | B - VB GA] - Bantley Descartes Vil (LIS Tranes §)

10000Passcell.bxt x

1 HE DB A RR e @i TN A HEEE AR ko ks b il a0 BT O g et T am P L [E] .-
POMERD % 220 #8000 ZAYARSHZF D B-D-0-0-E-A-F-R -0 xR 2= @Y WS FAWE TR oy 2164106.72 536581.56 173.02
& - | Cems - B = s o~ e - DRIt hASd v E bR S-B8 SR - R e P R e o B[ < DH 2164866,13 536460, 84 184,42
Tk - ¥ K F— DH 2164847 .44 536394,32 186.88
Tasks - r@e AR ADEHTO WO &R B DH 2164841 .68 536332.66 175.65
x [1,2 58 7 ; i DH  2164863.17 536543.49 185.75
% " DH 216414428 536506. 60 198,22
’ DH 2164139.58 536445 .43 189,25
i Frortey S e DH 2164@18.59 536382.91 18@.27
ok Cloud ddvanced W DH 2164189.53 536523.82 191,86
& Forlabls Termnbodsl | @ DH 2164231.15 536404, 24 193,92
Drswing HEES. DH 2164212.43 536436.46 191,98
P DH 2164835.88 536485.58 183.21
DH 2164823.38 536419.54 186.44
DH 2164162 .88 536391.83 191.58
DH 2164198.96 536370.43 192,23
DH 2164126.41 536542.088 188.16
— . DH 2164295,52 536416.53 196. 66
& ! DH 2164276.38 536374.19 196. 68
fffﬁ : DH 2164481.76 536531.85 194,56
i3 W B DH 2164385.386 536469, 88 I 208,46
A S DH 2164367.71 536412.78 199,37
B DH 2164316.88 536294,82 192,95
DH 2164482.28 536532.63 196.87
s DH 2164451 .68 536451.32 283.32
& DH 2164453.14 536397.23 262.89

A AT A oS AATT Ao A Aa
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AT Pass Points, (AOl)Area Of Interest, GCPs

T 100009Cs dgn [30 - V8 DGN| « Bentiey Descates VO (SULEC Tseries &)

fe EX Gemet Setrgn Jock (Dlws Wolgpace Jindow b
M08 NN e lafy QO 4 8™ s A IEFEFD 2500 bbb bisd ALLKE S7FJ0GY 0% RD A0 & ¥V 2=
WS P LB % SXA LN G AN hmEN G\ @BCES \0.9&/ O L2 B-0-8-0-B-ad-2- Q-8 -0 Q3R

BUINSPRUNE CEK S B - o BT D8 ee -0 -BRA0@ IEERED B " B :

DY R PAS4 kBT H il

s vix o View ! - Top, Defau 5 ! .L,_»:#"a
Tasks -

- D~ A B o He LB
X L' A

B( e

AL Raster Cotng v
Q Poire Cloud Advanced v
& Scalable Terran Madel v

N Drawing NED A

vU W b

A 395 L
A A A; 1) VA AI‘ ’

o S
g% 388 Y ¥

* o
0 A 4

F I = 4

it .
f
% Draveng Compesbon v
7 Sokds Madelng

iy b 31 T BN]  PAOR I Ea s o

Q-0 - ~Lodervem ~ T F]2]2]els]s]7ls] X Y [ 536 z £ g 4B aw N0 O R 35 % AS3E B & ol B Q-
Pan View > Select View i ] | @ Delat 2164350 2795, 536470 0651, 778

Use Microstation XYZ to import - AT Camera Events, GCPs, Pass Points and Orthophotos for QC 2017/1 -l
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Bentley Geopak Civil/Survey - Surface Check

/4 10000ATCheckTIN.dgn [3D - V8 DGN] - MicroStation V8i (SELECTseries 3)

File Edt Element Seftings Tools Ltiities Workspace Applications Window Subsurface Uity Help
i 3 L h e = L0 oy b B i e = _ =] 2
DA s ey ~@@ kiR ELARAXE Dists2 M@ (@ - o J2o-[Zo-[So-8o |40 - BlYaL RiLE

- Q - ;;_‘1 - i3~ G - ﬁ - 9 - Q - f;; - @- g ‘5 __j. m Project Dataset  Visualization | Geometry | DTM HTns Preparations  Tool Boxes
Graphical Cogo

Tasks v+ X .
i View 1- Top, Default Navigator
(2o M- aw-acctEoononsyes | s [STEP1
o r Ry E ‘ oo Points Edit

1 ﬂbJjbﬂj?bJ = B »j—’ v Sl Chains Inverse

7 Civil Tools adl Tools Locate Traverse

2 Civil Classi = Locate Elevation By Profile
. Civil Classic d Conyersions Set Hlevation From TIN

Print Preparation mE=E A Files: [Al - Export Compare Points To TIN

;F Expand Clipping Planes Impart
¥

4 Subsurface Utilities
! Drawing

% Drawing Composition
;f Saolids Modeling

P surface Modeling

@ Mesh Modeling

&y Terrain Model

”‘ Feature Modeling

48 Visualization

Cic||c|lec||¢||¢c|l[¢ ¢ <K

H Animation

Check 3D Map Compilation/TIN against Ground Control Points, AT Pass Points NSSDA 95% confidence level.

Confirm that the map was compiled consistently as each compiler check controls as stereo models are loaded

)
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Analysiz Report Output File:
|| FA10000NATCheck \compare bd Q
|

[ Fie Creste ™

[ Select Points For Comparison to TIN Fle:

Comparizon TIN File:

Tolerance:
[ Assign Out of Talerance Feature:

Q

1.000000

Coerdinate Geometry

Project Mame: | QC Test

Job: | 1 Q,

Paint# Morth{Y) East(X) Elevi{Z}

Feature

Station

Desc

Cperatar Codn{/\\) MS

| Step 2

FDOTQC

ER

Apply

& Teraamy

Fraler Balaieg

Cancel

Geopak Surface Check

M, Coordinate Geometry Job: 1 Operator: M5

File | Edt Element Wew Tools
Preferences
Input File Utility
Inputt File Restore

Redefine | Disable Visualization =

hd <L < > b3
Database Llilities

i
Import ¥ GPKFie

k&l A D am

OFF (Feature) |~ | | Browse

v

»
Expot ASCIl Poirts [;(
Exit SOMS Alignments and Fdints

LandX¥ML 1.2 Geometry
RDS
VDOT PLT File
Tazh =
.|'\.J.u'
Aabraen Simyeiet Tuidgnd o ot T 41 Fim Gt Yw  Jpoh
trinl Py 0 A T hcic . [+ - 4
Q00 A Tk s e *‘{k"" &I’ I.-‘_I.-
BaCmas ™ S ooraren

it Pomrin lon Cammgamae 3 1IN Tis

iy, M 1

rarteca My 100

A g Sty

L T

eI
e THONICF be
[y ——

-
-
-

e Comamart ko]
- ¥ Mor v Fort M com
=

o) | Bedefrn  Dlmbie aasizmon =

" AT '

—r——

o~

——
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— Geopak Surface

o Fle Edt Eement Mew Tools

_— e Check-NSSDA
H'-L'P =49 ¥ - e %a OUQ [[] Redefine | Disable Visualization || OFF (Feature) |~ | | Browse

99.1234 - ||9799.12" I

-

- - o
< = ==

Analysis Repart Output File: Comparison TIN File: : ’ e
wace jppkcaiors frdow  Subarice by Help
o - o - [ Rl T
FA10000MATCheck \3DMapCompare tt | <& FA10000"ATCheck"10000ATCheck TIN | <X TR =T R R 'Eﬁ!!'.-‘-'_':'.!ml-:g& E | Dot s : g
File Create - 10 h =30 =50 = () Tl 2 43 ':il Boecl [etesel Seusiosior (eomety OJN  Fers Prpesiors ool Bosm s
[JAssign Out of Tolerance Feature: b s '-.-E:__ Feature (OGO Elevation TIN Elevatios Ef:jsuuf-lin
Select Points For Comparison to TIN File: [ b 0. B
1087 MO 8.3
PairtH MNorth{Y) East(¥) Elev(Z) Feature Station Desc ~ 1863 M 8. 1823
1001 21640132000 5364124200 167.44D0 NoFeat  0+D0.00 %t s g
1002 2164516.3600 536361.0500 1822600 Mo Feat  0+00.00 1006 @.0713
1003 2165016.5100 536331.9400 1574100 Mo Feat (0+00.00 g 1087 MO 8. @555
1004 2165518.6900 5363223700 2114600 MNoFeat  0+00.00 &P a4 w 0. 877
Bl e {1009 mo 30720
1005 2166020.6700 536314.4400 2233300 MNoFeat 0+00.00 e e | o477
e 1818 e
1006 21665254100 536306.3100 2260100 Mo Feat 0+00.00 ‘[:; = 18l ., D
1007 2167036.0100 536258.7500 2152300 Mo Feat  0+00.00 v e ] M 8, 0387
NS 18000 | T3 gag 3 B, 8125
hratynn Pt Outzas F I | 1e2a 1133775 8. @525
Bpply - ‘; e :_::‘.:_m"_t a 0 uee mas frasanel 1015 1868524 SN
1016 119841 i 08T
FaCreate .~ 9 120000 17 115 . %180 .81
O j mmiar uf guima 1 e 166 8351 8.113%
et P Fot Cimmpeiri B TN e 082 168_5543 88557
= Preee - g — - e " | 2083 1955453 8.1742
| '.\::d 536412 4200 r:sf:':sr:« I".'L-la-c " P W 204 211.1788 3. a5 BELOW !
e 531 0500 e Fa oS 113159 0. 101
W 36211 3420 Yo e L T o 2006 1155080 8. 1530
e e Fesl K 887 2189333 8677
.;f ':_ ::: i 2008 204_ERE1 80615
raad " Fat PR e . 2009 1632251 0. 25T
Fo ] 172, THeR 172 700 0. 8670
i ] 157, Edaid 1575853 o, el
7 MO 143, 5388 143 4387 8. 1893
FLTER 127, 4188 43 8. 1757
04 MO 112. 9189 LT 8. 1k
W5 N 143 . & 2080 0.875%
016 NI 1148, 188 .05 )

The Susm of (E1 ) Spairad = @ 140G
Tha Ave of ( D ## ) Sgpearad = 9.28273
The Boot Mesn Square Erroe Lz = @ 0004
Rational Standard for Spatlal Dets Accuracy(MSSDA) Lz = 9.1673

ti PASS the 95K coafidence Beil Baded on 1.96 Chl Sguere Value.

alslafalslelz]sl % ¥ z i1 o i P AR aeh § R BT =
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Check Control on Orthophotos Products

Control poists
Spatial Reference System (SR5): L NADED | Flonds o (RUS) (EPSG-1238) = 4t tha SRS of 8 points e sulected o
e I R - A e R e e e e |
Froll O MDA 536333560 RITAN Qg I #
] 0 ez Desssn aLm g anw =2
Full O ZITIIASD 533760 BEAH [T (111
] [0 a/méansde  5MN000 e agig aang
Fht O ZITIIRED SIS LL] Teeed g =1
] [0 2eeasemsss  SESaRsss sedisd A anw e a4 e
Full [0 awbasansed  S3eds0sd O i [T
Fell [0 200 ST HeLR [T [-T]
b [0 zssneos0  Sisasn 2008 i (11
Full [0 2mssmssso 5610 29260 oo g
L] O aéssasase  5eaTése 235480 aaig -1 1]
Fall D ZMMEEITD 53983 210 [T (=111
¥ [ zwvacsss  Sens 2w amg a0
s M cesssness  pigassss FrEE P A P et

TRstrdeey

Al control polts:

- magmibeer of poinis: 34
RMG of repreg arror: BORLEY px
Rkis of deil B8 ropic 241468 &

Curment pheato:

sasribeer of utable S et 1
- BildS of reprog enror; BUEA) p
- RMG of det. b repss 2ALE0E ™

Toom: wihel ;e 6 - 0 | Mo wviewing area: cek snd &6g | Add [ Madily sssasieniment: B ek | Quality = cacbad (Load arginal 0]

esig'n Training

Erpo




Wh at Went WrOng ? SOME OTHER CONTRIBUTING FACTORS

. . L * Unstable System -to many moving parts
* poor source images: grainy, low-resolution images,

images that contain too little parallax, images * Unstable computer systems - leaking memory
that differ greatly in contrast and brightness ] . .

* Image Artifacts - Unstabl wer suppli
(perhaps collected on different dates or ge ] ¢ U. b e.po .e uppiies
under different circumstances); * Inconsistent boresight calibrations

* Flight Crabbing

* poor georeference control: control points with

residuals many times greater than the cell size * Extreme Tip and Tilt
of the image; no control points on high-elevation  GNSS\INS shift and drift
features;

* |Inconsistent blunder detection

e poor tie point correlation: inability to place useful
tie points in large featureless areas of the

photos where even the human eye finds too little
stereo information for 3D viewing;

* Incomplete y-parallax elimination
“» QCon final products

* too few tie points for DEM extraction: blocky,
low-resolution DEM results.

If you do not get impressive results on your first try,
do not be discouraged. The DEM and orthophoto

process is by nature very sensitive to the accuracy TNTmips
of input control values.

Microlmages

2017_/| -
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http://www.microimages.com/documentation/html/tutorials.htm



Pilot Project

FDOT Central Office
* FDOT District 4
* Broward County

* Southeast Florida
Climate Compact

BRIUWARD =
s o CHANGE &=

FDOT

o4 o\Co\

WOOLPERT L
ARCHITECTURE | ENGINEERING | GEOSPATIAL

Florida Department of Transportation

Remote Sensing

LIDAR

Multi-Ray
Photogrammetry

Applying Emerging
Technologies

In

Remote Sensing

Digital

2017

Direct

Reference
Systems

Advance
Sensor Systems

[t
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Closing.....Questions?

FDOT

http://www.fdot.gov/geospatial/

Maurice Elliot, CP, GISP, MIEEE
Photogrammetry Supervisor
Florida Department of
Transportation

Surveying & Mapping Office
605 Suwannee Street, MS 5-L
Tallahassee, FL 32399-0450
Phone (850) 414-4250
maurice.elliot@dot.state.fl.us

Surveying & Mapping

Office Manager
Brett Wood, PSM
State Surveyor

605 Suwannee Street
MS 5-L, Tallahassee
FL 32368

Tel 850-414.4111
Fax 850.414.4112
E-Mail Us

Additional Contacts

Office Resources
About us

Divisions

Documents & Publications
Programs & Services
Meetings & Events

Consultant Information

Most Requested
Aenal Pholography
County Highway Maps
Horizontal & Vertical
Control

Right of Way Maps

Florida Department of Transportation

Welcome

Qur office leads slalewide surveying and mappng efforts through spatial technology expertise m
support of Flonda's transportation system. We support surveying and mapping activities
statewide by providing policies, procedures, guidelings, and training. Our areas of expertise
include. Aerial Surveying and Mapping, Location Surveying, Right of Way Mapping, and
Geographic Mapping which includes distributing aerial photography, producing the Florida Official
Transportation Map, and providing Geographic Information Systems (GIS) support for
angineering and operations.

News

Surveying and Mapping (UAS)

An unmanned aircraft system (UAS) is an unmanned aircraft (UA) with associated support
equipment, control station, data links, telemetry, communications, and navigation equipment
necessary for operations. UA is considered an aircraft under both 49 US C § 40102 and 14
CF.R §1.1. The potential uses of UAS range from infrastructure inspections, surveiliance of
crops, and aerial mapping to package delivery and event videography. With the lowering costs of
UAS, the growth of many companies are looking to take advantage of this newly available
technology.

Posted. May 25, 2016
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